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Description 

Low Profile Tri-Filar, Single Feed, 
Circularly Polarized Helical Antenna 

Cross Reference to Related Applications 

[0001] This application is a continuation-in-part of U.S. non- 
provisional patent application serial number 10/314,685, 
filed on December 9, 2002 and entitled LOW PROFILE TRI- 
FILAR, SINGLE FEED, HELICAL ANTENNA. 
Field of the Invention 

[0002] This invention relates to the field of radio communica- 
tions, and more specifically to spiral or helical antennas 

for use in wireless communication devices and systems. 
Background of the Invention 

[0003] Small, low profile, circular polarized (CP) antennas are 
used in the mobile communication industry, usually for 
satellite communication. As the demand for mobile hand- 
sets increases, there is a growing need for antennas of 
this type, and especially for low cost GPS antennas. 



[0004] one solution to providing a low profile CP antenna is a 
patch or microstrip antenna. In order to achieve circular 
polarization, patch antennas need to be a half wavelength 
long. A patch antenna's free-space half wavelength is 
usually too long for the compact space that is provided 
within a wireless communications device, of which a mo- 
bile handset is an example. As a result, the physical size 
of such a patch antenna must be reduced dramatically, 
using ceramics having a high dielectric constant. However, 
the use of ceramics having a high dielectric constant in- 
creases antenna cost, and also reduces the efficiency of 
the patch antenna. 

[0005] FIG. 1A shows a standard-technology, dielectric-loaded, 
ceramic-body, hexagonal patch antenna 10 that is tuned 
to the global positioning system (CPS) frequency (1575.42 
MHz, referred to as LI) wherein a high dielectric constant 
(er = 40) ceramic body portion 11 was used to reduce the 
physical size of patch antenna 10 to less than one inch, 
which size is usually desirable for mobile wireless com- 
munication applications. 

[0006] FIG. IB shows the frequency/magnitude characteristic of 
antenna 10, wherein antenna 10 included a ceramic body 
portion 11, atop-located metal radiating/receiving sur- 



face 12 that lies in the X-Y plane of FIG. IB, an off-center 

feed conductor 13 that extends in the Z-direction in FIG. 

IB and was connected to a metal-plated top surface 12, a 

vertex-to-vertex dimension 14 of about 0.88 inch, and a 

flat-to-flat dimension 15 of about 0.72 inch. 

[0007] For wireless communications systems that can tolerate 

relatively large antennas, the following CP antennas are 

standard solutions: (1) single helix antennas which have a 

single feed and are typically a few wavelengths tall, (2) 

multi-filar helix antennas that have a 90 degree hybrid 

and are that are typically a few wavelengths tall, (3) 

crossed dipole antennas that have a 90-degree hybrid and 

are typically a quarter wavelength tall over a ground 

plane, or (4) spiral antennas that have a single balanced 

feed and are typically a quarter wavelength tall over a 

ground plane. 
Summary of the Invention 

[0008] This invention provides a small, low-profile, tri-filar helix 
antenna, which can have either linear polarization or CP, 
the antenna being provided with a single feed, and the 
antenna having no internal feed network. 

[0009] Antennas in accordance with the invention include three 
metallic, bent, quarter wave monopoles, wherein only one 



of the monopoles is fed, and wherein the other two 
monopoles are parasitically coupled to the fed-monopole. 

[0010] The three bent monopoles of the invention are physically 
positioned at 0, 120, and 240 degrees, respectively. The 
three monopoles are self-supporting, or they are sup- 
ported on a relatively flat dielectric surface. Only one of 
the three monopoles is fed, for example using an induc- 
tive shunt match. The other two monopoles are strongly 
coupled to, and parasitically feed from, the directly-fed 
monopole. The two parasitic monopoles are fed at phases 
that are controlled by the incorporation of, or by the non- 
incorporation of, metal perturbations within the two para- 
sitic monopoles. 

[0011] | n order to induce linear polarization, no metal perturba- 
tions are used within the two parasitic monopoles, and the 
two parasitic monopoles are coupled at positive 120 de- 
grees to the directly-fed monopole. 

[0012] | n order to induce CP, one of the two parasitic monopoles 
couples at positive 120 degrees to the directly-fed 
monopole, and the other parasitic monopole couples at 
negative 120 degrees to the directly-fed monopole. A 
metal perturbation on a given parasitic monopole oper- 
ates to offset the resonant frequency of that parasitic 



monopole, which in turn affects the phase of coupling of 
that parasitic monopole to the fed-monopole. 

[0013] Various metal perturbation options are available in order 
to generate the phase of this coupling to the directly-fed 
monopole. One of the parasitic monopoles can have a ca- 
pacitive shunt, and the other parasitic monopole can have 
a series inductance, or only one parasitic monopole can 
have a metal perturbation, either a capacitive perturbation 
or an inductive perturbation, depending on the sense of 
the CP that is desired. 

[0014] The three monopoles in accordance with the invention can 
be physically supported by a dielectric substrate member, 
or the three monopoles can be constructed of a material 
that renders the monopoles free-standing. A metallic 
ground plane is desirable directly under the three 
monopoles. 

[0015] Antennas in accordance with the invention find utility as 
replacements for a dielectrically-loaded, single feed, CP 
patch antenna. 

[0016] Antennas in accordance with the invention do not require 
dielectric loading. Hence, antennas in accordance with the 
invention are a less expensive choice for narrow band CP 
applications. 



[0017] Antennas in accordance with an embodiment of the inven- 
tion include three bent quarter wave monopoles, wherein 
only one of the bent monopoles is fed, and wherein the 
other two bent monopoles are parasitically coupled to the 
fed-monopole. 

[0018] The bent monopoles were, for example, physically posi- 
tioned at 0, 120, and 240 degrees, respectively. Only one 
of the bent monopoles was fed, for example with an in- 
ductive shunt match. The other two bent monopoles were 
excited parasitically from the fed-monopole with phases 
that were controlled by the incorporation of, or by the 
non-incorporation of, perturbations on or within the two 
parasitically-fed monopoles. 

[0019] | n antennas constructed and arranged in accordance with 
the invention the magnitude of the above-described para- 
sitic coupling was relatively large (for example about -6 
dB), and this relatively large parasitic coupling between 
the directly excited monopole and the two parasitic 
monopoles provided that the antenna generated a sym- 
metric radiation pattern. This relatively large parasitic 
coupling also effectively acts as a feed network to the two 
parasitically coupled monopoles, and allows the antenna 
to have just one of the monopoles directly excited. This 



relatively large parasitic coupling is, to a large extent, 
controlled by the width of a capacitive gap that existed 
between the two parasitic monopoles and the fed- 
monopole. 

[0020] | n summary, the present invention provides a small, low- 
profile, single feed, linear polarized or CP, tri-filar, helix 
antenna having three bent quarter wave monopoles that 
are physically positioned at about 0, 120, and 240 de- 
grees, respectively. The outer perimeter of the antenna 
can be a hexagon, or it can be circular, it can approach a 
circular shape, or it can have a number of sides equal to 
6xN where N is an integer that is greater then zero. 

[0021] Linear antenna polarization is produced when no pertur- 
bations are provided for either of the two parasitic 
monopoles, in which case both of the parasitic monopoles 
are excited parasitically in-phase at positive 120 degrees. 

[0022] | n order to produce CP, metal perturbations are applied to 
the two parasitic monopoles in order to generate a posi- 
tive 120 degree parasitic coupling in one of the parasitic 
monopoles, and to in order to generate a negative 120 
degree parasitic coupling in the other of the two parasitic 
monopoles. 

[0023] Various perturbation options can be used to generate the 



above phasing. For example, one of the two parasitic 
monopoles can include a capacitive shunt, and the other 
parasitic monopole can include an inductive shunt. Or, 
only one of the two parasitic monopoles can be provided 
with a perturbation, either a capacitive perturbation or an 
inductive perturbation, depending on the sense of the CP 
that is desired. 

[0024] The reactive-capacitance or reactive-inductance perturba- 
tions can be provided either by shaping the metal legs of 
the parasitic monopoles, or by connecting discrete capac- 
itive or inductive electrical components to the parasitic 
monopoles. 

[0025] with only one monopole directly fed, the large coupling 
between this directly-fed monopole and the two parasitic 
monopoles acts as a feed network to the two parasitic 
monopoles. It is desirable that all three monopoles be fed 
with equal RF energy levels in their resonant condition, 
such that the three monopole antenna will generate three 
symmetric radiation patterns. 

[0026] | n practice it is desirable that one half of the RF energy 
that is provided as an input to the directly-fed monopole 
be coupled to the two parasitic monopoles, and that the 
other half of this RF energy be radiated into free space. 



[0027] |f coupling from the directly-fed monopole to the two 

parasitic monopoles is significantly larger than this one- 
half amount, each of the three monopoles may act as a 
poor radiator, and the efficiency of the three monopole 
antenna may be reduced. If the coupling from the di- 
rectly-fed monopole to the two parasitic monopoles is 
significantly smaller than this one-half amount it may be 
difficult to parasitically excite the two parasitic monopoles 

in order to generate CP. 
Brief Description of the Drawings 

[0028] FIG. 1A shows a standard-technology, dielectric-loaded, 
ceramic-body, hexagon-shaped patch antenna that is 
tuned to the GPS frequency, wherein a high dielectric con- 
stant ceramic body member is used to reduce the physical 
size of the antenna. 

[0029] FIG. IB shows the frequency/magnitude characteristic of 
the antenna of FIG.1A. 

[0030] FIG. 2 is a top perspective view of a three-monopole, sin- 
gle-feed, antenna in accordance with the invention, the 
antenna having no metal perturbations associated with 
the antenna's three generally identically shaped quarter 
wave metal monopoles, this figure showing a precursor 
geometry that pertains to other embodiment of the inven- 



tion. 

[0031] FIG. 3 is a top view of three-monopole antenna of FIG. 2 
showing that the antenna's top surface includes three 
coplanar and quarter wave metal monopole patterns that 
are physically located at 0-degrees, 120-degrees and 
270-degress, respectively, about the top surface of the 
antenna. 

[0032] FIG. 4 is an exploded view that shows the physical posi- 
tioning and the three-dimensional shape of the three 
metal patterns that form the three monopoles of the FIG. 
2 antenna. 

[0033] FIG. 5 shows the magnitude of the parasitic coupling (i.e. 
about -6 dB) between FIG. 2's directly-fed monopole and 
FIG. 2's two parasitically-fed monopoles, wherein about 
one half of the power that is feed to the directly-fed 
monopole is coupled to the two parasitically-fed 
monopoles. 

[0034] FIG. 6 shows the phase of the coupling (i.e. about plus 

120 degrees) that exists between the three monopoles of 
FIG. 2. 

[0035] FIG. 7 shows the linear polarization pattern of the FIG. 2 
antenna, this figure also showing the antenna's Directivity 
Pattern (dB) versus Theta at 1580 MHz, and the central 



axis of the antenna. 
[0036] FIG. 8 shows the three metal monopoles of a dielectric- 
supported, single-feed CP antenna in accordance with the 
invention wherein a metal capacitive perturbation or stub 
is provided on one of the parasitic monopoles, and 
wherein a single-feed to the antenna is provided byway 
of the inductive shunt that forms a portion of a directly- 
fed monopole. 

[0037] FIG. 9 shows the three metal monopoles of an antenna in 
accordance with the invention wherein one of the an- 
tenna's two parasitic monopoles includes an inductive 
metal perturbation that is provided by widening the in- 
ductive shunt that is provided at the base of this parasitic 
monopole. 

[0038] FIG. 10 shows the Antenna Directivity Pattern (dB) versus 
Theta at about 1587.5 MHz for an antenna in accordance 
with the invention, this figure showing the right-hand and 
the left-hand radiation patterns at the center frequency of 
about 1587 MHz for a CP antenna wherein the axial ratio 
is nearly perfect at 0 dB. 

[0039] FIG. 11 shows a Smith chart for an antenna in accordance 
with the invention. 

[0040] FIG. 12 shows the VSWR bandwidth for an antenna in ac- 



cordance with the invention. 

[0041] FIG. 13 shows a two-shot-molded tri-arm, single feed, 
helix antenna in accordance with the invention that is 
tuned to about 1.575 GHz. 

[0042] FIG. 14 shows an embodiment of the invention wherein a 
single-fed, three monopole helix antenna includes three 
stamped-metal monopole elements that are mounted 
onto the outer surface of an injection molded plastic and 
non-conductive support member. 

[0043] FIG. 15 shows a single-feed, three-monopole helix an- 
tenna in accordance with the invention that is made from 
a printed circuit board that includes three etched areas, 
each of the three etched areas including a metal 
monopole element tuned for about 1.575 GHz, wherein 
the antenna is tuned for CP by using a series inductance 
(i.e. a wider inductive shunt) in one of the parasitically-fed 
monopoles. 

[0044] FIG. 16 shows an antenna in accordance with the inven- 
tion wherein the antenna's dielectric support is provided 
by a printed circuit board whose top surface is etched to 
provide three metal monopole elements, and wherein the 
printed circuit board includes a through-hole or a via 
through which a feed conductor is threaded and then con- 



nected to the directly- fed monopole. 
Detailed Description of the Preferred Embodiment 

[0045] FIG. 2 is a top perspective view of a single feed, three- 
monopole antenna 20 in accordance with the invention. 

[0046] Antenna 20 includes a plastic or ceramic, electrically non- 
conductive, rigid, dielectric, and hexagon-shaped support 
member 21 having a planar top surface 22, a planar bot- 
tom surface that is generally parallel to top surface 22, 
and six side walls 23-28 that extend downward and gen- 
erally perpendicular to top surface 22. As mentioned 
above, shapes other than hexagonal can be provided 
within the spirit and scope of the invention. 

[0047] FIG. 3 is a top view of three-monopole antenna 20. As 
seen in FIGS. 2 and 3, the top surface 22 of non- 
conductive support member 21 carries three coplanar, 
bent, quarter wave and metal monopole patterns 29-31 
that are physically located at 0-degrees, 120-degrees and 
270-degress, respectively about top surface 22, as is per- 
haps best shown in FIG. 3. 

[0048] FIG. 4 is an exploded view that shows the three-di- 
mensional shape of the three metal patterns that form the 
three bent and quarter wave monopole patterns 29-31. In 
this embodiment of the invention, but without limitation 



thereto, the three quarter wave monopoles 29-31 have a 
generally identical three-dimensional geometric shape. 

[0049] As seen in FIGS. 2 and 4, the base of each of the three 

quarter wave monopole metal patterns 29-31 includes a 
metal inductive-shunt portion 32-34, respectively, that 
respectively lie on the three side walls 24, 26 and 28 of 
non-conductive support member 21. The inductance- 
value of a shunt portion 32-34 is determined by the dis- 
tance between the antenna's feed and the point of 
grounding the shunt portion, and by the vertical height of 
the metal loop that forms the shunt portion. 

[0050] a capacitive shunt portion is formed by adding metal at a 
location that is close to the ground, in parallel with the 
shunt inductance portion, so that RF currents flow across 
the capacitive portion and the inductance portion. 

[0051] | n this embodiment of the invention, none of the three 
metal quarter wave monopole patterns 29-31 shown in 
FIGS 2-4 includes a metal perturbation, and as shown in 
FIGS. 2-4, a single feed is provided for three-monopole 
antenna 20 by way of an electrical conductor 35 that elec- 
trically connects to the inductive shunt 34 that is a portion 
of the base of monopole metal pattern 31. Thus, antenna 
20 provides linear polarization, monopole 31 is a fed- 



monopole and monopoles 29 and 33 are parasitic 
monopoles that are parasitically fed by fed-monopole 31. 

[0052] The physical location at which conductor 35 connects to 
inductive shunt 34 operates to control the inductance 
value of the inductive shunt. 

[0053] with reference to monopole 29 as shown in FIG. 3, note 

that each of the three bent monopoles 29-31 includes two 
linear metal sections 17 and 18 that are connected by a 
bending metal section 19. 

[0054] The angle 16 of inclination of one linear section 17 to the 
other linear section 18 is not critical, and in this embodi- 
ment of the invention angle 16 was about 60 degrees. 

[0055] As perhaps best seen in FIG. 3, the three monopoles 

29-31 form a helix about the central axis 36 of antenna 
20, wherein axis 36 extends generally perpendicular to 
the top surface 22 and the bottom surface of support 
member 21. 

[0056] | n an embodiment of the invention non-conductive sup- 
port member 21 had a low dielectric constant of about 
3.1, the vertex-to-vertex dimension 37 of antenna 20 was 
about 0.88 inch, the flat-to-flat dimension 38 was about 
0.72 inch, the height 30 was about 0.28 inch, and the 
coupling between fed-monopole 31 and the two parasitic 



monopoles 29 and 30 was about -6 dB. 

[0057] The invention's parasitic coupling between monopole ele- 
ments is to a relatively large extent controlled by the 
width of a capacitive-gap that exists between the top of 
the three monopole elements 29-31, that is by the two 
generally parallel edges that are formed by the end of one 
monopole element and the generally middle section of an 
adjacent monopole element. 

[0058] The bottom surface of non-conductive support member 

21 carries a hexagon-shaped metal ground plane member 
40 that cooperates with the metal monopoles 29-31 in a 
well known manner. 

[0059] As described above relative to FIGS. 2-4, the present in- 
vention provides a small, low-profile, single feed, tri-filar 
helix antenna 20 that can be constructed and arranged to 
provide either linear polarization or CP. 

[0060] it is now useful to consider a precursor-an- 
tenna-geometry that can be used to determine the con- 
struction and arrangement of antenna 20 as shown in 
FIGS. 2-4. 

[0061] As used herein, the term "precursor-antenna-geometry" 
means an antenna like antenna 20 of FIGS. 2-4 wherein 
the precursor-antenna has not as yet been converted to 



the single feed antenna 20 that is above-described, and 
wherein the precursor-antenna has not as yet been con- 
verted to either linear polarization or CP. 

[0062] Conversion of the precursor-antenna to a single feed an- 
tenna 20 as above-described is accomplished by provid- 
ing a relatively strong coupling between the three 
monopoles 29-31 of the precursor-antenna, to thereby 
allow the monopoles of the precursor-antenna to be par- 
asitically excited. 

[0063] The behavior of the precursor-antenna is determined by 
feeding each of its three monopoles by way of an individ- 
ual inductive shunt, i.e. in the precursor-antenna each of 
the three monopoles is provided with its own individual 
feed and feed port. 

[0064] The existence of these three feed ports for the precursor- 
antenna, and the use of computer simulation, provides a 
prediction of the coupling that exists in the precursor-an- 
tenna between its three monopoles. The final design of a 
FIG. 2-4 single-feed antenna 20 depends upon the mag- 
nitude of this coupling. 

[0065] An input match that is achieved in this manner is shown in 
FIG. 5 wherein the magnitude of the coupling between one 
directly-fed monopole and two parasitically-fed 



monopoles is about -6 dB at the center frequency of 
about 1.575 GHz. This input match is controlled by the 
physical shape of the inductive shunt 32-34 that is pro- 
vided at the base of the three monopoles of the precur- 
sor-antenna. 

[0066] Each monopole of the precursor antenna is a single bent 
quarter wave monopole, and each monopole has an input 
impedance that is much lower than the typical 50 ohm 
signal that is sent to the precursor-antenna. Hence a 
matching component is necessary. 

[0067] Energy that is fed to any one of the three monopoles must 
get past that monopole's feed point before the feed en- 
ergy can couple to the other two monopoles, or before 
this feed energy can radiate from that monopole into 
space. Hence this matching impedance structure of the 
precursor-antenna is an important portion of the final de- 
sign of an antenna in accordance with the invention. 

[0068] The magnitude of this coupling, approximately -6 dB from 
a given monopole to each of the other two monopoles, is 
shown in FIG. 5 wherein about one half of the power that 
is feed to any given monopole is coupled to the other two 
monopoles. The magnitude of this coupling is to a large 
extent controlled by the width of a capacitive gap that ex- 



ists between the adjacent edges of the three monopoles 
that reside on the top surface of the non-conductive sup- 
port member. 

[0069] | n the final design of the single-feed antenna 20 of FIGS. 
2-4, wherein only monopole 31 is directly fed or excited, 
it is necessary to induce a relatively large coupling be- 
tween this directly excited monopole 31 and the two par- 
asitic monopoles 29 and 30. This relatively large coupling 
effectively acts as a feed network to the two parasitic 
monopoles 29 and 30, thereby allowing the single-feed 
antenna 20 to have just one of its three monopoles 29-3 1 
directly excited. When all three of the monopoles 29-31 
receive equal amounts of feed energy in the resonance 
condition, single-feed antenna 20 generates symmetric 
radiation patterns. 

[0070] it has been found that a desirable design of a three-feed 
precursor-antenna provides that about one half of the 
feed energy that is provided to each of its three 
monopoles couples to the other two monopoles, whereas 
and the other half of the feed energy that is provided to 
each of the three monopoles radiates into free space. 

[0071] when the coupling that is provided by the design of the 
three-feed precursor-antenna is larger than this, each 



monopole tends to be a poor radiator into free space, and 
the efficiency of the antenna suffers. 
[0072] when the coupling that is provided by the design of the 
three-feed precursor-antenna is less than this, it is diffi- 
cult for a given monopole to parasitically excite the other 
two monopoles, and it is difficult for the antenna to gen- 
erate CP. 

[0073] | n the final design of the single-feed antenna 20 of FIGS. 
2-4, when no metal perturbations are provided on one or 
more of the two parasitic monopoles 29 and 30, the phase 
of the coupling between the three monopoles 29-31 is 
about +120 degrees, as is shown in FIG. 6. The value of 
this coupling phase is important in order to induce either 
linear polarization or CP. Metal perturbations on one or 
more of the two parasitic monopoles 29 and 30 offsets 
the resonance frequency of the one or more parasitic 
monopole 29/30, and also affects the phase of the cou- 
pling between the three monopoles. 

[0074] As described above, FIGS. 2-4 show a single-feed, tri- 

filar, linear polarized helix antenna 20 in accordance with 
the invention wherein antenna 20 exploits a strong 
monopole-coupling that was determined by way of the 
above-described investigation of a precursor-antenna 



wherein each of the three monopoles of the precursor-an- 
tenna were fed. 

[0075] | n order to generate linearly polarization, only one of the 
three monopoles of the FIG. 2-4 antenna 20 needs to be 
directly-fed (i.e. monopole 31 in FIGS. 2-4), the two other 
+ 120 degree coupled monopoles (i.e. monopoles 29 and 
30 having no perturbations in FIGS. 2-4) are coupled to 
the directly-fed monopole in order to generate linear po- 
larization, and the directly-fed monopole is fed byway of 
an inductive shunt match (i.e. inductive shunt 34 in FIGS 
2-4. 

[0076] The linear polarization radiation pattern of such a tri-arm, 
single-feed, no-perturbation, helix antenna 20 is shown 
in FIG. 7, wherein this figure shows the antenna's Directiv- 
ity Pattern (dB) versus Theta at 1580 MHz, and wherein 
this figure also shows the central axis 36 of the FIG. 2-4 
single-feed antenna 20. The FIG. 7 radiation patterns are 
"patch-like", following the Ludwig 3rd definition, and the 
antenna's polarization is parallel to axis 36 through the 
antenna's feed point 34 and the geometric center of an- 
tenna 20. 

[0077] | n order to induce CP, one of the two parasitic monopoles 
29 or 30 needs to couple to fed-monopole 31 at positive 



120 degrees, and the other parasitic monopole 29 or 30 
needs to couple to fed-monopole 31 at negative 120 de- 
grees. 

[0078] This construction and arrangement in accordance with the 
invention generates an electric field that rotates uniformly 
with time around the outer perimeter of antenna 20. Vari- 
ous metal perturbation options can be used within the 
spirit and scope of this invention in order to generate this 
+ 120-degree/-120-degree phasing of the two parasitic 
monopoles. 

[0079] FIG. 8 provides a non-limiting example of a dielectric- 
supported, single-feed CP helix antenna 20 in accordance 
with the invention wherein a metal capacitive perturbation 
or stub 50 is provided on FIG. 4's parasitic monopole 31, 
and wherein the single-feed 35 to antenna 20 is provided 
by way of the inductive shunt 33 that forms a portion of 
directly-fed monopole 30. 

[0080] | n this embodiment of the invention monopole 30 is the 
directly-fed monopole, whereas the two monopoles 29 
and 31 are the two parasitical ly-fed monopoles. 

[0081] Capacitive stub 50 lies on the bottom surface of FIG. 4's 
non-conductive support member 21 in a manner so as to 
be electrically insulated from FIG. 4's ground plane 40. 



[0082] Capacitive stub 50 forms a bottom metal portion of 

monopole 31 that extends inward and parallel to the top 
metal portion of monopole 31 that lies on the top surface 
22 of non-conductive support member 21. 

[0083] FIG. 9 shows another embodiment of the invention 

wherein one of the parasitic monopoles 30 of a dielectric- 
supported CP antenna 20 of the type shown in FIGS. 2-4 
includes an inductive metal perturbation that is provided 
by lowering the series inductance of the inductive shunt 
33 that is provided at the base of that one parasitic 
monopole 30. 

[0084] This lower of the inductance of the inductive perturbation 
occurs by virtue of the fact that a wider metal conductor 
that is positioned where electrical current is a maximum 
provides less inductance than does a thinner metal con- 
ductor. 

[0085] More specifically, and with reference to FIG. 9, monopole 
31 is the directly-fed monopole, monopole 29 is a para- 
sitically-fed monopole, and monopole 30 is a parasiti- 
cally-fed monopole that includes an inductive metal per- 
turbation that is provided by a relatively wide (see dimen- 
sion 60) metal inductive shunt 33. 

[0086] | n other embodiments of the invention, both of the para- 



sitic monopoles may include metal perturbations. For ex- 
ample, one parasitic monopole may include a capacitive 
stub such as shown in FIG. 8, and the other parasitic 
monopole may include a series inductance as shown in 
FIG. 9. 

[0087] | n addition, a relatively small change in the shape of a 
parasitic monopole, at its base and/or at its top portion, 
will create a metal perturbation that changes the phase of 
the coupling to the directly-fed monopole. 

[0088] | n addition, the sense of the CP can be reversed by 

switching a perturbation from one parasitic monopole to 
the other parasitic monopole. 

[0089] FIG. 10 shows an Antenna Directivity Pattern (dB) versus 
Theta at about 1587.5 MHz for an antenna 20 in accor- 
dance with the invention, this figure showing the right- 
hand and the left-hand radiation patterns at the center 
frequency of about 1587 MHz for the CP antenna 20, 
wherein the axial ratio is nearly perfect at 0 dB. 

[0090] FIG. 11 shows a Smith chart, and FIG. 12 shows the volt- 
age-standing-wave-ratio (VSWR) bandwidth for such an 
antenna 20 in accordance with the invention. 

[0091] Antennas 20 in accordance with the invention provide 
better efficiency, as is typical with most antennas, when 



antenna 20 is wider (see dimensions 37 and 38 of FIG. 2) 
or taller (see dimension 39 of FIG. 2). Better efficiency is 
achieved using taller antennas 20, under the constraint 
that the above-described strong coupling between the 
three monopoles is maintained. Providing a taller antenna 
20 in accordance with the invention may become imprac- 
tical after a certain height 39 has been achieved due to 
the fact that the directly-fed monopole becomes so effi- 
cient that it, in itself, radiates most of its energy into 
space before a portion of this energy can be coupled to 
the two parasitically-fed monopoles. In this limiting 
height case, antennas 20 in accordance with the invention 
may function as a single bent monopole antenna. 

[0092] Spacing the three bent quarter wave monopoles of an an- 
tenna 20 in accordance with this invention farther away 
from each other may increase the efficiency of the an- 
tenna. However, again the above-described monopole 
coupling must be maintained. That is, the three 
monopoles must be physically close enough so that sig- 
nificant coupling occurs. 

[0093] N 0 te that antennas in accordance with this invention, us- 
ing very little dielectric loading, have the same small 
physical size as the highly dielectrically loaded patch an- 



tenna 10 that is shown in FIG. 1A. Hence antennas in ac- 
cordance with this invention can replace dielectrically- 
loaded, single-feed CP patch antennas of the same physi- 
cal size, and antennas in accordance with the invention do 
not require dielectric loading. Thus antennas in accor- 
dance with the invention are a less expensive choice, es- 
pecially for narrow band CP applications. 
[0094] various manufacturing methods can be used to produce 
single-fed, tri-filar helix antennas in accordance with this 
invention. 

[0095] For example, and with reference to FIGS. 2-4, antenna 20 
can be made using a two-shot molding process wherein a 
first-shot of a polymer material is used to form the major 
portion of non-conductive support 21, and wherein a sec- 
ond-shot of a different polymer material is used to form 
those portions of antenna 20 that correspond to the metal 
portions of antenna 20. These portions of the second 
polymer material are then treated in a well known manner 
to facilitate the deposition or plating of metal onto these 
second polymer portions. 

[0096] other manufacturing techniques include a two-shot 

molding process wherein metal monopole elements are 
placed on the top and on the bottom of a molded polymer 



member in order to create a low-dielectrically loaded an- 
tenna; insert molding of an antenna having the above de- 
scribed metal portions; a hybrid antenna that includes an 
etched printed circuit board (PCB) and stamped metal por- 
tions; a completely PCB antenna; and an antenna that in- 
cludes free-standing metal portions. 
[0097] FIG. 13 shows a two-shot-molded tri-arm helix antenna 
65 in accordance with the invention that is tuned to about 
1.575 GHz. 

[0098] | n a non-limiting embodiment of the invention antenna 65 
had a flat-to-flat dimension 73 of about 0.88 inch, a ver- 
tex-to-vertex dimension 74 of about 1.01 inch, and a 
height dimension 75 of about 0.30 inch. 

[0099] Antenna 65 includes three not-plated plastic portions 
69-72 and three metal-plated plastic portions 66-68. 
Not-plated plastic portions 69-72 provide the mechanical 
support for antenna 65. Metal plated portions 66-68 
comprise three metal antenna monopoles as above de- 
scribed, one monopole of which is directly-fed, and the 
other two of which are parasitically-fed monopoles. Plated 
metal portions 66-68 are nearly fully covered by a metal 
in order to reduce dielectric loss and in order to reduce 
dielectric loading, which would reduce the bandwidth of 



antenna 65. 

[0100] one advantage of the FIG. 13 embodiment of the inven- 
tion is that "lossy" plastics can be used without reducing 
the efficiency of antenna 65. Another advantage is that 
two-shot molding achieves tight mechanical tolerances 
for the construction and arrangement of antenna 65. 

[0101] FIG. 14 shows an embodiment of the invention wherein a 
single-feed, three monopole helix antenna 80 includes 
three stamped-metal monopole elements 81-83 that are 
mounted onto an injection-molded plastic and non- 
conductive support member 84. Tri-monopole helix an- 
tenna 80 is tuned to about 1.575 GHz. In accordance with 
the above description, one of the three metal monopoles 
is directly-fed, and the other two of the metal monopoles 
are parasitically-fed from the directly-fed monopole. 

[0102] An advantage of antenna 80 is low cost in that after plas- 
tic molding, metal-stamping and metal-bending tools are 
made, antenna 80 can be manufactured from a sheet 
metal and a plastic material that are relatively inexpen- 
sive. 

[0103] FIG. 15 shows a single-feed, three-monopole helix an- 
tenna 88 that is made from a PCB 86 that includes three 
etch dielectric areas 87-89 areas. Each of the three etched 



dielectric areas 87-89 includes a stamped-metal 
monopole element 90-92 that is tuned for about 1.575 
GHz. As before, one of the three monopoles 90-92 is di- 
rectly-fed, and the other two monopoles are parasitically- 
fed from the directly-fed monopole. Antenna 88 is tuned 
for CP by using a series inductance (i.e. a wider inductive 
shunt) at the base of the directly-fed monopole. 

[0104] | n a non-limiting embodiment of antenna 85, the flat- 
to-flat dimension 93 was about 0.76 inch, the vertex- 
to-vertex dimension 94 was about 0.27 inch, and the 
height dimension 95 was about 0.27 inch. 

[0105] An advantage of FIG. 15's antenna 88 is that mechanical 
support is provided by thin PCB 86, and as a result the 
material-cost of antenna 88 is minimized. Another advan- 
tage to the FIG. 15 antenna is that etching provides tight 
tolerances on the top surface of the antenna. 

[0106] FIG. 16 shows an antenna 96 in accordance with the in- 
vention wherein the antenna's dielectric support function 
is provided by a PCB 97 whose top surface 98 is etched to 
provide three metal quarter wave monopole elements 
99-101. PCB 97 includes a through-hole or via 102 
through which a feed conductor 103 is threaded and then 
connected to monopole 101 at location 104. Thus, 



monopole 101 is the directly- fed monopole, and 
monopoles 99 and 101 are parasitically-fed from directly- 
fed monopole 101. 
[0107] Antenna 96 can be tuned for CP by providing a discrete 
reactive electrical element in series with feed conductor 
103. 

[0108] Antenna 96 provides an advantage in that little or no cap- 
ital cost or specialized tooling is required. As a result, the 
tuning of antenna 96 can be integrated into each individ- 
ual antenna platform. 

[0109] | n summary, it can be seen that the present invention pro- 
vides a small, low-profile, tri-filar, single-feed, helix an- 
tenna that includes three bent quarter wave metal 
monopoles. The three bent-monopoles are positioned at 
about 0 degrees, 120 degrees, and 240 degrees about the 
top surface of the antenna. The perimeter of the antenna 
that supports the three bent-monopoles can be a 
hexagon, or it can be another shape such as a circle or a 
shape that approaches a circle. Only one of the three 
quarter wave monopoles is fed, for example, with an in- 
ductive shunt match, and the other two monopoles are 
excited parasitically from the fed-monopole. Linear polar- 
ization is produced when no metal perturbation is applied 



to the two parasitic monopoles, such that both parasitic 
monopoles are parasitically excited in phase at positive 
120 degrees. In order to produce CP, metal perturbations 
are applied to at least one of the two parasitic monopoles 
in order to generate positive 120 degrees coupling in one 
of the two parasitic monopoles and negative 120 degrees 
in the other of the two parasitic monopole. Various metal 
perturbation options are available in order to generate 
this phasing: For example, one of the parasitic monopoles 
can have a capacitive shunt, and the other parasitic 
monopole can have an inductive shunt. Or, only one para- 
sitic monopole need be provided with a metal perturba- 
tion, either capacitive or inductive, depending on the 
sense of the CP that is desired. These electrically reactive 
metal perturbations can be provided by either shaping the 
metal legs or metal base of the parasitic monopoles, or by 
the electrical connection of discrete electrically reactive 
components in series with the parasitic monopoles. 
1 °] In order to induce CP operation, the resonant frequency of 
one or both of the above-described parasitic monopole 
elements is shifted such that one of the parasitic elements 
couples at positive 120 degrees to the directly-fed 
monopole element, and such that the other of the para- 



sitic elements couples at negative 120 degrees to the di- 
rectly-fed monopole element. 

In order to induce this CP operation, a perturbation can be 
provided on one or both of the above-described parasitic 
monopoles, and various perturbations options can be 
used to generate the phasing that is required for CP. In 
FIG. 8 a perturbation 50 is provided as an extended por- 
tion of parasitic monopole 31. In FIG. 9 parasitic 
monopole 30 is provided with a perturbation in the form 
of a wide shunt 33 (see width dimension 60). 

[0112] More generally, relatively small changes in the geometric 
shape of a parasitic monopole can create a perturbation 
that controls the phasing of the parasitic monopole rela- 
tive to the directly-fed monopole. Non-limiting geomet- 
ric-shape examples are increasing a monopole-length as 
in FIG. 8, and/or increasing a monopole-width as in FIG. 
9, both of which change the phase of the coupling of a 
parasitic monopole to the directly-fed monopole. 

[0113] The perturbation options or means available to generate 
the phasing that is required for CP operation including, 
but are not limited to, increasing or decreasing a length or 
width of a parasitic monopole, and/or providing one of 
the parasitic monopoles with a capacitive perturbation 



shunt as the other parasitic monopole is provided with an 
inductance perturbation. 

[0114] only one parasitic element need have a perturbation, ei- 
ther capacitive or inductive, depending upon the sense of 
the CP that is desired. FIG. 8 shows the use of a capacitive 
perturbation 50 that extends inward from the base of par- 
asitic monopole element 31. FIG. 9 shows an inductive 
perturbation that is formed by a wide portion 60 at the 
base of parasitic monopole element 30, it being noted 
that wide metal conductors that are positioned where cur- 
rent is at a or near maximum have less inductance than 
thinner metal conductors. 

[0115] Thus, CP can be induced by perturbations that are associ- 
ated with one or more of the two parasitic monopoles, in- 
cluding, but not limited to, in FIG. 8 providing a metal 
perturbation 50 at the end of parasitic monopole 31, in 
FIG. 9 providing a metal perturbation at the end of para- 
sitic monopole 30 by providing of a relatively wide metal 
shunt 33, and more generally by changing the geometric 
shape of a parasitic monopole at any position along the 
length of the parasitic monopole, such that the phase of 
the parasitic monopole's coupling to the directly fed 
monopole results in CP operation. 



[0116] while the present invention has been described with re- 
spect to certain preferred embodiments of the invention, 
modifications and variations may be employed without 
departing from the spirit and scope of the present inven- 
tion as set forth in the following claims. 



